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• When old paint is stripped from the hulls 
of ships, rust can quickly form on any  
exposed metal surfaces 
• Before ships can be repainted, rust must  
be removed, which can incur significant costs 
• There is a need for an environmentally 
friendly flash rust inhibitor that can also promote the adhesion of 
subsequent coatings 
Proteins from marine organisms such as blue mussel Mytilus edulis have been shown to Inhibit 
the corrosion of stainless steel1. These proteins contain an amino acid, L-Dopa, which confers 
two unique properties to the protein: 
 
o Chelation: L-Dopa forms strong bonds to metal ions, allowing it to adhere strongly to a metal 
surface and inhibit corrosion 
 
o Crosslinking: L-Dopa can participate in enzymatically catalyzed reactions that knit together 
separate stands of protein, creating a barrier to ionic diffusion 
 
Mytilus edulis Foot Protein 1(MeFP-1) has a repetitive amino acid sequence of Ala-Lys-Pro-Ser-
Tyr-Hyp-Hyp-Thr-L-Dopa-Lys, giving it many possible attachment methods besides L-dopa (e.g., 
H-bonding). It also has a random coil conformation which maximizes the availability of its 
functional groups for adhesion 
 
MeFP-1 has also been shown to form bidentite, binuclear complexes with Fe3+ ions at neutral pH. 
These types of complexes have been shown to reduce the dissolution of iron oxide, thus 
stabilizing the protective oxide layer of a metal surface and inhibiting corrosion 
• Determine the effectiveness of different compositions of Marine Adhesive 
Proteins (MAPs) at inhibiting the corrosion of a high-strength alloy steel 
• Test several different formulations of proteins to obtain an optimal 
formulation for flash rust inhibition 
• Examine the effect of crosslinking on the performance of the protein 
treatments 
     Treated high-strength steel was exposed to a 40°C environment with 100% relative humidity. Pictures were taken of samples 
to assess the extent and type of corrosion. After 7 days of exposure, the samples were removed and mass loss data was 
collected to quantify the amount of corrosion. 
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Mytilus edulis 
L-Dopa 
The repeated decapeptide expressed in MAP-11,3,4 
Several techniques will be used to judge the performance of the marine 
adhesive proteins: 
 
• Exposure chamber tests will be used to determine which proteins most 
successfully inhibit corrosion in an environment somewhat similar to that 
encountered in the field.  
 
 
Data gathered from exposure chamber tests:  
o Corrosion morphology 
o Mass loss 
o Time-to-corrosion 
 
 
• The Scanning Kelvin Probe (SKP) was used to characterize the changes 
taking place on the metal surface over time in lab air. The scanning 
kelvin probe uses the electrical potential that develops between a 
vibrating probe of a dissimilar metal to map the workfunction of a metal 
           surface, which can be correlated to the corrosion potential of  
                 the metal, which is a thermodynamic measure of the  
                                  tendency of a metal to corrode. 
Some of the possible surface interactions available to 
marine adhesive proteins1 
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Representative HY80 Control Samples:  
Incubated in 0.05M phosphate buffer pH 7.0 
Exposed for 7 days at 100% RH 
Aged 4 weeks Aged 2 days 
From the exposure chamber tests, it is 
clear that the protein is capable of 
inhibiting the flash rusting of HY80 in 
conjunction with a neutral-pH phosphate 
buffer. However, the condition of the 
oxide surface appears to have a large 
affect on the degree of protection 
conferred. Since the protein is thought to 
inhibit corrosion by stabilizing the surface 
oxide, it makes sense that the 
performance of the protein would depend 
on the composition and thickness of the 
oxide. Future experiments will continue 
to  investigate the effects of the protein 
on aged HY80 substrate in a crosslinked 
and un-crosslinked condition.  
The proposed structures of the two iron(III)-protein 
complexes that forms in pH 7.0 Bistris buffer2  
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It was determined that the amount of time that the samples spent in 
storage after grinding and cleaning but before applying treatments had a 
noticeable effect on the degree to which both the protein and the 
phosphate buffer inhibited corrosion 
Aged 2 weeks 
The scanning Kelvin probe was used to characterize the changes taking 
place on the metal surface over time in lab air.  Results are shown below 
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